The effects of stevioside and steviol (a product of enzy matic hydrolysis of stevioside) on intestinal glucose absorption were examined in the hamster jejunum in vitro. By using the jejunal rings technique, we found that stevioside at a high dose of 5mM had no inhibitory effect on glucose absorption. In contrast, glucose absorption was inhibited 43% by 1mM steviol. The inhibition of glucose absorption by steviol was related to steviol concentration and incubation time. The inhibitory effect of steviol compared to phlorizin and ouabain was also investigated. Steviol, which caused a decrease in glucose accumulation in the intestinal ring tissues, possibly acts on the brush border membrane as does phlorizin. Furthermore, it was also found that steviol altered the morphology of the intestinal absorptive cells. These results suggest that the possible site of inhibitory action of steviol might be on the mucosal side and/or at the intracellular organelles of intestinal absorptive cells.
sold commercially. It has been used as a non-caloric sweetener in a variety of foods including seafood, pickled vegetables, dessert items, ice cream, soft drinks, and confectionary in Japan (3, 4) . Apart from its sweetness, the plant has also been reported to possess physiologic and therapeutic properties . It has also been shown to act as a contraceptive drug (5, 6) and to have cardiovascular (7) and metabolic (8) effects.
Available knowledge about the effects of stevioside and steviol on intestinal glucose absorption and the morphology of the intestinal absorptive cells is inade quate. Stevioside is composed of steviol, a diterpenic carboxylic alcohol, and three molecules of glucose (9, 10) . It was found that stevioside was completely converted to steviol on incubation with microflora obtained from the rat colon, and orally administered steviol was nearly completely absorbed (11) . Steviol was absorbed into the blood circulation and may exerts its effect on nutrient absorption in small intestine. Therefore, the aim of the present study was to determine whether stevioside and steviol have any effect on intestinal glucose absorption and on morphology of the intestine. 
RESULTS
Dose-response effects of stevioside and steviol on glucose absorption Table 1 shows the dose-response effects of stevioside and steviol on glucose absorption in intestinal ring tissues of the hamster jejunum. The glucose absorption of stevioside-treated groups was slightly decreased but was not significantly differ ent from that of the control at 60min of incubation. In contrast to the stevioside treated groups, steviol inhibited glucose absorption in a dose-dependent manner. Although glucose absorption in the intestinal ring tissues of the hamster jejunum was slightly inhibited by steviol at a concentration of 0.1mM, it was significantly inhibited by steviol at higher concentrations of 0.5-2mM. The degrees of inhibition ranged from 4 to 85% during the 60-min incubation time.
Time-response effects of steviol on glucose absorption
The relationship between percentage inhibition of glucose absorption by steviol and the incubation time is shown in Table 2 . Steviol at a concentration of 1mM caused some inhibition (7%) of glucose absorption in a 5-min incubation, which subsequently increased. The degrees of inhibition after incubation for 7.5, 10, 30, 45, and 60min were 13, 24, 37, 42, and 43%, respectively. The maximum inhibition of glucose absorption by steviol occurred at 45min of incubation.
Light micrographs Microscopic changes of intestinal ring tissues of the hamster jejunum were observed in control jejunum (water and solvent), stevioside-treated jejunum and steviol-treated jejunum. In control and stevioside-treated (5mM) jejunum, some intercellular spaces between adjacent basolateral membranes of intestinal epithelial cells especially in the upper villi were enlarged, but no morphological changes were observed in all cell types. Incubation of intestinal ring tissues in 1mM steviol for 60 min caused degeneration of some villus absorptive cells which were swollen (data on the gastrointestinal system has been studied. It was found that S. rebaudiana extract significantly decreased plasma glucose in hamsters (8) . This indicated that stevioside may increase glucose utilization by the liver and/or decrease intestinal glucose absorption. Futhermore, hamsters were used as the experimental animal in this experiment because the intestinal sugar transport characteristics resemble that of humans (15) and they were the most susceptible species to stevioside (16) . Therefore, the effects of stevioside and its metabolite, steviol, on intestinal glucose absorption were studied in hamsters in vitro.
The effects of stevioside and steviol on intestinal glucose absorption were not known before, thus the intestines were exposed to these substances on both the serosal and mucosal sides using the jejunal rings technique. With this technique, stevioside and steviol were well absorbed from mucosal, serosal, and two cut surfaces of jejunal ring-like pieces, and the tissue glucose content in the jejunal rings was measured (14) . The criteria is that if the substance inhibited glucose absorp tion by preventing the transport across brush-border membrane, the glucose content in the intestinal rings should be reduced from that of the control. On the other hand, if it acts on the basolateral membrane, the glucose content in the intestinal rings should be increased.
Our results demonstrate that stevioside at a high dose still has no inhibitory effect on intestinal glucose absorption in intestinal rings of the hamster jejunum (Table 1) . This was in disagreement with the study of Ishii et al. (17) which found that stevioside has the ability to inhibit D-glucose and D-fructose transport in the intact rat liver. This discrepancy may be due to differences in cell type and the transport characteristics. In contrast, steviol at low concentration had the ability to inhibit intestinal glucose absorption. Steviol is a metabolite which can be degraded from stevioside by microflora from the rat colon in anaerobic conditions in vitro, and orally administered steviol was nearly completely absorbed (11) . To character ize the mode of steviol action on intestinal glucose absorption, the comparative study of stevioside and steviol with other inhibitors of glucose absorption was investigated. The present study shows that phlorizin and steviol decrease the glucose content of intestinal rings whereas ouabain increased the glucose content (Fig. 2) . However, stevioside had no effect on glucose accumulation in intestinal rings, indicating that steviol possibly acts on the brush-border membrane as phlorizin and/or intracellular organelles of the intestinal absorptive cells, causing a reduction in glucose absorption. The action of steviol may not act on the basolateral membrane of intestinal absorptive cells like the action of ouabain, a known inhibitor of Na+/K+-ATPase which is mainly located on the basolateral membrane (18) . The mechanisms by which steviol interferred with the transport of glucose across the intestine are still under investigation.
In the morphological studies, it was found that steviol at low concentrations caused degeneration of some villus absorptive cells. Whereas at a high dose of steviol, there was an extensive degeneration of villus absorptive cells and rupture of the villus epithelium (Fig. 1) . These structural alterations could interfere with intestinal glucose absorption by reduction of glucose transport across the intestinal absorptive cells and by reducing the surface area for nutrient absorption.
Our results thus indicate that stevioside, a natural sweetener, has no inhibitory effect on intestinal glucose absorption in vitro. However, steviol (a metabolite of stevioside) inhibits glucose absorption when it is in direct contact with the hamster small intestine in vitro. The inhibitory effect of glucose absorption by steviol might be due to the action of steviol on the brush-border membrane transporter of glucose and/or the intracellular organelles of intestinal absorptive cells. In addition, the structural alterations of intestinal absorptive cells are probably responsible for the inhibition of glucose by steviol.
